Background
a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction
Human papilloma virus (HPV) infection and specifically oncogenic HPV types 16 and 18 are highly associated with cervical abnormalities and invasive cervical cancer and other diseases on the cervix, vulva, vagina, anus, oropharynx and penis, all of which impact on people´s health and resource consumption in society [1] . According to the published literature, the cost for screening, management and treating patients with HPV-related diseases is related to the high health care costs and is suggested to be greater than the combined cost for the prevention and treatment of most prevalent sexually transmitted diseases (STIs) [2] .
While screening methods advance and HPV vaccination introduction efforts gain momentum, information on the current evidence on the effectiveness of prevention methods is essential to reinforce further development and expansion of programmes [3] . Currently, the common prophylactic vaccines for cervical cancer target most prevalent oncogenic types of HPV 16 and 18, with nearly 100% type-specific protection [3, 4] . Two HPV vaccines have been available since 2006, the quadrivalent HPV vaccine (HPV-4) (Gardasil, Merck) [5] and the bivalent HPV vaccine (HPV-2) (Cervarix with AS04, GlaxoSmithKline) [4, 6] . The HPV-4 vaccine also targets non-oncogenic HPV types 6 and 11, which are the cause of genital warts [5] . Studies have demonstrated that both vaccines have more than 70% efficacy against the incidence of high-grade squamous intraepithelial lesion (HSIL), if administered to previously unexposed women [5] [6] [7] [8] [9] [10] [11] . Recently, nonavalent vaccine (HPV-9) targeting seven HPV types (HPV16/18/31/33/45/52/58) that contribute to 90% of cervical cancer cases plus HPV-6/11 has been licensed and recommended, based on evidence of vaccine efficacy and immunogenicity [12, 13] . HPV vaccination is now considered to be the primary form of cervical cancer prevention [4, 14] .
In most health economic studies related to cervical cancer prevention in low-income countries (LIC), data have been reported as part of the bigger picture of the cost-effectiveness analyses [15] [16] [17] [18] [19] . Other costing research done in the LIC reported information on cervical cancer screening and diagnosis, but there are very few reports on treatment for cervical intraepithelial neoplasia (CIN), invasive cervical cancer (ICC) [20] [21] [22] and genital warts [23] . The estimated societal cost of non-carcinogenic HPV disease such as genital warts is also essential to establish the health sector budget since 32 million people are affected by genital warts annually and 90% of these are related to HPV6/11 [24] . Most of the cost analysis on HPV-related diseases have been done in the high-income and, middle-income countries and very few in the low-income countries, especially in Africa [25] [26] [27] [28] [29] . Such studies are critical in providing useful information for policymakers in low-resource countries concerned with the allocation of scarce resources to reduce the burden from HPV among the whole population [20] . However, to date there are no published studies for the Kingdom of Swaziland. To invest in public interventions for HPV immunization, it is essential to know the human and economic burden of HPV-related conditions. Estimates of the economic burden of a disease for a given period are useful for understanding the relative economic magnitude of a health problem [30] . The principal component of health economic analyses is cost analysis and it has direct implications for the cost-effectiveness analyses used for decisions of resource allocation for public health interventions [15, 31] . Therefore, the economic burden of HPV-related conditions needs to be further investigated and the present study is the first in Swaziland to estimate the cost of HPV-related conditions such as cervical lesions, cervical cancer and genital warts.
Materials and methods

Study area
The Kingdom of Swaziland is a small, independent, low-resource nation in Southern Africa. It covers an area of 17,364 km 2 and is landlocked, with Mozambique to its east and South Africa to its north, west, and south [32, 33] It is divided into four political regions (Hhohho, Manzini, Shiselweni and Lubombo) (Fig 1) 
Cost-of-illness
From the provider perspective we performed a cost-of-illness study which is a commonly used methodology to investigate the economic burden of diseases [39] . It´s a descriptive type of analysis estimating specific disease related costs and gives information on where these costs occur in a society. In addition, cost-of illness studies gives important reference data for economic evaluations for further guidance on how to allocate resources to improve resource efficiency. Economical evaluations are important for health policy makers when planning decisions regarding budget. An example could be the estimated cost a given country spends per year on caring for patients with cervical cancer. With an increased prevalence of HPV, the number of cervical cancer patients will increase and it´s important to plan for increased costs and interventions to reduce disease burden. Cost-of-illness studies are performed by using either the incidence or prevalence basis. Incidence-based approaches are usually used to estimate the life-time costs for a patient, from diagnosis to cure or death useful to estimate the effect of a specific treatment on future costs. The prevalence-based method considers all costs for a patient population in a geographical area for a given time period. The prevalence-based method has been previously used in for Sweden investigating costs for HPV-related cervical diseases and genital warts [40] . From this methodology, we used a top-down approach for the costs associated with health care performed at the hospital and a bottom-up approach to determine costs associated with primary care. Our study population were females diagnosed with cervical cancer, cervical lesions and genital warts.
Cost data
We investigated only direct medical costs, which were divided into recurrent costs and capital costs [18] . Recurrent costs included personnel, travel, consumables/supplies (medical and non-medical), administration, utilities and overheads, while capital costs made up of equipment, buildings, vehicles and any other cost item with a useful life of more than one year and with an equivalent value of $50. All costs were computed at the 2015 price level and converted to dollars ($). All costs for screening and management of high-grade cervical lesions (HSIL) and genital warts were based on sources presented in Table 1 .
Cervical lesions
In Swaziland, the following two approaches are currently used to detect the precancerous or cancerous cells on the cervix and management of cervical lesions: (1) Pap smear and if HSIL is detected it is followed by treatment with loop electrode excision procedure (LEEP) or total adnominal hysterectomy (TAH), and (2) the "Screen-and-Treat" approach using VIA followed by treatment with cryotherapy and LEEP [43] . . As per the guidelines, it was assumed that women with abnormal cytological results were referred to a gynaecologist for an immediate biopsy and histologically confirmed CIN2+, and had one follow-up visit to undergo loop electrode excision procedure (LEEP) or total adnominal hysterectomy (TAH), which are the most common treatment currently utilized in health care facilities in Swaziland. No treatment procedure was included for women with LSIL, as the recommendations state that further follow-up should be performed every 6 months until the lesion regresses to normal or there is evidence of progression [43] . One follow-up procedure with Pap smear and antibiotics was therefore assumed to have been performed within the year of follow-up. In 2009, the Swazi Ministry of Health integrated the "see-and-treat" approach using VIA followed by treatment with cryotherapy for the national cervical cancer prevention programme to accelerate the early detection of cervical lesions. Data on the number of VIA screened and VIA positives were obtained from Annual National Sexual and Reproductive Health programme report [44] . The total number of women treated with LEEP was retrieved from the Raleigh Fitkin Memorial (RFM) Hospital theatre records from2015.
Cervical cancer
The resources used to calculate the treatment costs for cervical cancer were based on the Phalala fund scheme report [47] , and the breakdown of the treatment variables was influenced by a Swedish study [48] . Costs for the treatment variables were then taken from the private hospital in South Africa, which were based on the market price [42] . These costs included diagnosis, staging, and full treatment of cervical cancer divided into the different cancer stages, pharmaceuticals, and transportation cost of patients from Swaziland to South Africa. Due to the lack of official data, the proportion of women treated for different International Federation of Gynecology and Obstetrics (FIGO) stages of cancer, was based on the empirical number of patients diagnosed and treated according to the cancer registry situational analysis report [49] , as well as the Phalala report [47] .
Direct medical costs of visits for treatment of large warts which included diathermy, cauterization, or surgical excision, were estimated at market price and based on private hospital charges. Costs for podophyllotoxin and antibiotics treatments were estimated at the market cost. To obtain the overall costs of genital warts, we used the estimated percentage of people who had related procedures or visit hospitals, multiplied by the relevant number of cases of genital warts (i.e. number of people treated with cauterization). This number was then calculated by multiplying the cost of the treatment or visit, including the cost of podophyllotion applied by a gynaecologist/nurse at the site care and one course of antibiotic.
According to the Report On Cases Of Cancers In Swaziland, a total of 440 cervical cancer cases were diagnosed between 1 January 2014 and 31 st December 2015 [49] . The sources of information for this report were government, private hospitals and the Hospice At Home and death certificates stating cervical cancer as the contributory cause of death. To estimate the total number of cervical cancer cases for the year 2015, we divided the 440 by 2. Therefore, for our analysis, we used the average prevalent number of 220 cervical cancer cases in Swaziland.
We assumed that the reported number of women diagnosed with cervical cancer were clinically staged according to FIGO staging procedures, and treated as per cervical cancer guidelines [43] the same year that they were diagnosed. The size of growth of the cancer is assessed clinically and supplemented by a limited of investigations (cystoscopy, cone biopsy, endocervical curettage or smear, X-ray or CT scan). Some tests for staging such as MRI are not available in the country and patients are transferred to South Africa for all treatment of invasive cervical cancer (radiotherapy, chemotherapy, and surgery), performed in South African private hospitals. Therefore, all costs for treatment were based on the private hospital charges.
Genital warts
Due to lack of an STI surveillance system being in place, no reliable prevalence data were obtained. Therefore, epidemiological data from the current study (not yet published but under review by Infectious Agent and Cancer Journal) were used to estimate the actual population burden of genital warts in women of reproductive age (15-49 years). In the current study, we used survey weights to extrapolate sample proportions to population totals, based on the 2007-2030 population projections aligned to the estimated 2014 population (15-49 years) [46]. To calculate the cost we used the estimated population burden of genital warts obtained from our study. These estimates were deemed the best available evidence to estimate the comprehensive burden of genital warts in Swaziland, in respect of prevalent cases, persistence, and recurrence among the population. In Swaziland, genital warts are treated based on the WHO guidelines for management of STIs [50] . During data collection, gynaecologists and nurses with extensive clinical experience in managing and treating patients with genital warts were interviewed. Small genital warts are treated with podophyllotoxin and antibiotics and large warts are removed by cauterization at the hospital theatre.
Ethical consideration
The study was approved by the Swaziland Scientific Ethics Committee (MH599C/FW00015267/ IRB0009688) and the Biomedical Research Ethics Committee of the University of KwaZuluNatal (BE 242/14). Table 2 . Table 3 shows the breakdown for the staging and treatment variables for FIGO 1-4 (total number of sessions per stage). According to the Swaziland National Cancer Registry (SNCR), there were 220 number cervical cancer cases during 2015 in the country [49] . The treatment period was assumed to occur within the same 1 year as the staging. Staging included a clinical examination with cystoscopy during anaesthesia, performed in South Africa. FIGO stages 1a1-1b1 were assumed to be treated with surgery alone (i.e. hysterectomy) in Swaziland and no transport or lodging was therefore estimated. In FIGO stage 1b2-5, the patients were assumed to be treated with brachytherapy, radiotherapy and chemotherapy during the 5 weeks and therefore lodging was assumed for 35 days. The difference in treatment between FIGO stage 3 and FIGO stage 4 was due to the fact that, the dissemination of disease in stage 4 needed limited brachytherapy. Table 4 shows the costs for staging, management and treatment of cervical cancer per FIGO stages. Including costs in the breakdown variables resulted in a cost of $6 405 for FIGO 1a1-1b1 and between $25 527 and $23 923 for FIGO 1b2-4. Less costly was FIGO stage 4 due to less brachytherapy.
Results
Cervical lesions
Cervical cancer
The total annual cost for cervical cancer was estimated at $5 million (ranging from $3.8 million to $6.3 million) based on estimates of 10% of patients in FIGO stage Ia1-Ib1, 10% in FIGO stage Ib2-II, 50% in FIGO stage 3 and 30% in FIGO stage 4 (Table 5) .
Genital warts
The total number of prevalent cases of genital warts (seeking or receiving treatment) in Swaziland was estimated to be 6 111 in 2015 (Table 5 ). The estimated costs for management and treatment of genital warts were almost $1.1 million of which topical medicines represented the majority of the $0.9 million. Treatment with cauterization represented only a minor cost. 
Wart removal with cauterization
Usage of diathermy machine/instruments, linen, antibiotics, 5 abdominal swaps, sutures 2 948
Wart removal with topical cream
Total annual estimated cost
The estimated total annual cost of prevention and health care with cervical screening was $0.9 million (ranging between $0.6 million and $1.1million), while management and treatment of cervical lesions was estimated at $9 million (ranging between $6.7 million and $11.3 million), of which costs for treatment with radical hysterectomy represented the largest cost of $7.6 million in the base case estimate (Table 5 ). The total direct medical cost for the cervical screens, management and treatment of cervical lesions, cervical cancer and genital warts in 2015 was estimated at $16 million in the base case. To investigate the impact on the result we varied the input variables by ±50% and the total annual cost estimate ranged between $8 and $24 million. To reflect the number of unrecorded cases in the public or private hospitals, we increased the prevalence rates by 25% and the costs were then estimated at $19.9 million (ranged between $10 million and $30 million).
Discussion
This study is the first to estimate the economic burden including the direct medical costs of HPV-related diseases including precancerous lesions, cervical cancer and genital warts in Swaziland. The largest cost in the analysis-cost was for treatment of high-grade lesions $7.6 million (ranging between $4.5and $13.5 million) followed by costs for treatment of cervical cancer estimated at $5 million (ranging between $2.5 and $7.5 million). Management of anogenital warts was estimated at $1 million (ranging between $0.5 million and $1.5 million). The cervical HPV-related conditions incur a major economic burden worldwide [51] . In countries where there is organized screening, the major cost represents prevention whilst in countries that lack screening, costs for management and treatment are larger. In this study, the large cost is estimated for treatment of high-grade lesions and treatment of cervical cancer both requiring extensive treatments at high costs and is therefore representing 80% of the total costs. Screening alone only represents a minor cost with 5% of the total costs. Both clinical conditions are mainly detected when patients seek medical care for symptoms. Organized screening programs with high population coverage would lead to earlier detection of cervical dysplasia and cancer and following costs for treatment would then be much lower and a higher percentage of the total cost would be estimated for screening. However, an organized screening program is today lacking in Swaziland. We did not estimate cost for the non-cervical HPV-related cancers, which also affect males and would increase the total estimated costs significantly.
In the United States with organized screening, cervical cancer and cervical intraepithelial neoplasia (CIN) are the most costly HPV-related conditions, and are estimated to account for the direct medical cost of $4.6 billion annually [52] . When the cost of managing anogenital warts and other oncogenic HPV-associated cancers are included, the total costs rise to $5 billion per year [52] . According to another study, an increase in the direct medical cost associated with HPV-related conditions has been noted in the United States; in 2010, the overall annual direct medical cost of preventing and treating HPV-associated diseases was estimated at $8 billion [53] . Out of this total cost, the majority of $6.6 billion (82%) represented routine cervical cancer screening and follow-up, whilst $1 billion (12%) was for cancer (including $0.4 billion for cervical cancer and $0.3 billion for oropharyngeal cancer); $0.3 billion (3.6%) was for anogenital warts and $0.2 billion for recurrent respiratory papilomatosis (RRP) [53] . A study done in Belgium found that the annual direct medical costs of cervical cancer, cervical dysplasia, and genital warts combined were estimated at approximately $12 million, with around 60% and 20% of the costs for cervical cancer and CIN management, respectively [54] . In Germany, the total annual cost of management of genital warts was estimated at $52.3 million from a third-party payer perspective (indirect cost excluded) and $57.7 million from the societal perspective (indirect costs included), corresponding to an average cost per patient of $570 and $648, respectively [55] . In France, the costs for HPV-related cancers were estimated according to the percentage of each cancer type attributable to HPV infection. The total costs were estimated to $253.6 million [56] . The overall costs in men were $114.3 million, driven mainly by head and neck cancers ($100.9 million) and in women were $141.4 million, due mainly to invasive cervical cancer ($89.5 million) [56] . In Italy, the total direct costs associated with the annual incident cases of the nine HPV-related conditions included in the analysis were estimated to be $564 million [57] . Furthermore, the fraction attributable to HPV 6, 11, 16, and 18 was $310.5 million, accounting for approximately 55% of the total annual burden of HPVrelated disease [57] . Another study performed from a societal perspective in Sweden estimated costs in 2009 for cervical lesions, cervical cancer and genital warts at $113.7 million, of which $868 million (76%) were direct medical costs and the majority of the cost for the organized screening programme [40] . The described studies above demonstrate the diversity of how the costs are distributed between prevention and treatment as well as between direct and indirect costs. Guidelines for economic studies differ between countries and costs are presented differently. However, there are more cost-of-illness studies investigating the costs for HPV related diseases estimated in western countries than in African countries. This study is therefore unique and useful to health policy makers for planning and budget decisions within Swaziland. It is important to foresee the future HPV prevalence infection and related carcinogenesis among the population to plan for increase in costs for treatment and prevention of HPV related diseases.
In low-resource countries with a lack of organized screening such as Swaziland, the HPV vaccine is an effective alternative prevention strategy and may be associated with less direct medical costs annually than screening and management at the local health care site [58] . The HPV vaccine has proved a robust immune response to the HPV virus and due to the lack of organized screening in Swaziland should be used for the prevention of cervical cancer. Coverages above 50% in HPV immunization programs among either young females or males are suggested to give herd immunity [59] . It is proven that anogenital warts have decreased among both the vaccinated female population and the unvaccinated male population in countries that have introduced organized HPV vaccination [60, 61] . To estimate the costs related to HPV vaccination in Swaziland we used the direct medical costs for the HPV vaccine per dose for HPV-2 and HPV-4 being $120 and HPV-9 $135 in 2016 prices, respectively, based on the US Centers for Disease Control and Prevention public sector cost [62] . We then extrapolated the 2007-2030 population projections aligned to the 2016 population estimates for the total of boys and girls aged 9-12 years to estimate the population size. We then multiplied costs with population size to estimate the vaccine cost in different population scenarios.
If current national young females and males in Swaziland between 9-12-year-olds should be offered immunization against HPV with the current recommendation of a 2 dose schedule for HPV-2, HPV-4 and 3 doses for HPV-9, the estimated direct medical costs would be a onetime cost of approximately $24 million or $40.6 million with HPV-2, HPV-4 or HPV-9 respectively, following an annual cost estimation including only one birth cohort of females plus males, of approximately $5.5 million or $9.2 million (with HPV-2, HPV-4 or HPV-9 respectively, offered to 9-year-olds), annually based on the number of individuals in each year group (Table 6 ). Only including pre-adolescent females would result into a cost estimate of $ 11.8 million and 20 million with HPV-2,HPV-4 and HPV-9 respectively, for all 9-12-year-olds females and an annual cost of $2.7 and $4.6 million respectively (9-year-old girls). Logistics and administration of the vaccine would be an added cost to this estimate.
Since oncogenic HPV types also cause a several significant diseases in both females and males, namely cancer of the vulva, vagina, anus, penis and oropharynx [63] public investment in vaccination of young females and males is therefore suggested to decrease the public health care costs and human burden in the next generations. A study from Australia showed a significant decrease in the prevalence of vaccine-targeted HPV types, possible cross-protective effects in the same vaccinated group and herd immunity among the unvaccinated females [64] .
Another study from Scotland observed a similar reduction in HPV in the unvaccinated population, but the effect of herd immunity is difficult to fully establish due to a continuous smaller number of unvaccinated females in countries with national immunization programmes [65] . To exclude males from HPV immunization programmes, a coverage of 80% is suggested to establish herd immunity among the unvaccinated population [66] . The reduction in the prevalence of HPV infection should reduce the number of cervical lesions, cervical cancer and genital warts over time, with subsequently reduced needs in management and treatment, and the future reduction in the human and economic burden of HPV-related diseases and related deaths due to HPV-related cancers.
Even though costs presented in this study are substantial, it is likely to be a major underestimation of actual costs. Important limitations of this study are that it only included costs related to the direct medical health care costs and excluded the costs for the patients. In addition, palliative care occurring outside a hospital setting, or other costs like patient transportation were also excluded. Informal care from family members was also excluded and this is expected to impact on the cost estimations. Indirect costs (i.e., lost productivity due to illness) were also excluded, which could lead to an underestimation of the societal benefits in making decision about public interventions such as HPV immunization. Costs for adverse outcomes such as preterm births associated with treatment of cervical lesions and decreased quality of life associated with the cervical HPV-related diseases, were excluded in this study. A further economic analysis should therefore include the societal costs (including both direct and indirect costs) for all known HPV-related illnesses to present the total cost of HPV-related diseases for both sexes. Such as estimate would then reflect the total HPV-related economic burden for the society in countries that have implemented an HPV immunization program, there is an expected decrease in HPV-related conditions in future generations. To guide public health policy in Swaziland, a cost-effectiveness analysis (CEA) projecting both health and economic outcomes in "real life scenarios", should be performed. The CEA should include all costs from HPVrelated conditions and benefits from HPV vaccination for both sexes to evaluate the allocation of resources for a national HPV immunization program among the pre-adolescents.
Conclusions
The economic burden of HPV-related cervical diseases and genital warts represents a major public health issue in Swaziland. Prevention of HPV infection with a national HPV immunization program for pre-adolescents would prevent the majority of HPV-related conditions and the related deaths. Large cost savings would then result for public health care resources utilized Cost of Human Papillomavirus diseases in Swaziland for the management and treatment of cervical lesions, cervical cancer and genital warts in Swaziland.
